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Kftftft ico.v) = «u /E [U] (10) 
[**ftfttt7tH:*s 4] -«toftaftRIH05t3*ft 
li, 3t (1 1) ©iTi:i6?iii c 

gi (x) SO ( i = 1 . 2, -k) 

hj (x) = 0 ( j =K + 1, K+2. Dot 

tV SO 



iWMSf (x) -ft/h (11) 
^^©gi (x) , hi (x) 2>*v>tif (x) tc, 
&#£SffiU*v>Tftl£Lfc#ttttoW?Ht=«^ 
(2) lft>o#o*jg« (9) *Ofc 

SWtTEUiSi-. 1**5, raaitgWtt, (a) 
-HftfiftftiftRBt, (b) KfcLfcWlUTWfca: 
nA* M££±lfi5fc LfcPML 02 $)i:ov>T*L 

[ 0 0 4 6 ] 



(8) 



ftW 3 ? 1 0 - 2 0 7 9 2 6 



13 



14 



mm = as^a* 

mm : wm+%*mm ^ss£<e 

tt&teB mm) =m&& 
(b) urtzbmiimtLfzM&fcm 



£>4o 

[0 0 4 7] *jgfl:fflfl£ff < fc*<Otf#*ftli, IBIfl 
@WM»:Vf (x (w ) d + 



10 0 4 8] wWW«»t:i3it4«a<ttt»i:ii, ft* 

$6$ft#£i 3iiTv>4jfcfcZ*W-BS (SQPft : Se 
quemial Quadratic Progranni ng) * { — 0Si LTftffl ? 
io ft4 0 

[0 0 4 9] SQPftli, ^ (11) OKiftMCtt 

«LT]»< iOX'&ic «tkK«C4Ji>T.ftx , » 7l ? 4 
ifeftfcfcftoififlUt** (12) CTjrfo j&tutt** 

10 0 5 0] 
[*7] 



(1/2) d T B (k) d -ft/J\ 



M ei(x (k) ) +Vgi(x (k) ) T dS0 

hj(x (k) ) +Vh j (x (k) ) T d = 0 



(13 



B >£JaBB8L©^-.yt:fT5iJ 
d:^f hJPd (x (k) *v ft) 



[0 0 5 1 ] fctffU a*Z*ttBS (SQPiS) 6* 

0 ft«iSfl:M«UttLTli, **SflSftEjg»?a j *J -6 i 
v 1 o « SErt'ft -5" W * C W i t 4 4 *i£ 

Kit, «aftW-*0«J«.«t«*.-CfflH*»W|[«rfli\ 
ft e> ft fc MKr « fc «0 ft ** a-K^S*** 

4 0 :<oii ftW«t:*ti-*«i*Wft#ft t Lraew 

4 0 jtettr/urfyXAj:j:*«aftll1Hi. K*fttt 
»* t*R i + 4*©fc jft*** * **, J: d icit 

«*tH|[«>Ba* , # < T ftfc.Slcft *» 

ft^o 

[0 0 5 2] et™* t »1ft»ft*&wftafl:rj] 

aii, aafl5ft*«fb^aw * o ft4$?uft7 >v xl 



wfena-ctut u -eft <b *»nt 
* * -e t fcr * ftftitm h-c*x tamm i * 

[0 0 5 3] *£tt-C(iBtiN&££(*MftHftU. fit 
[0 0 5 4 ] [««tt«0ff«^o-t^S5] 



0) 

15 

jt««14»«fi£S:LEVe- 1 (*4*«rttffl) k, LE\GL 
II (ff«tt4f**ttJfl) k, LEVEL) II (lK9m**tt 

»4, «a*$i:i*T*^R-C*4ffi«tt}i««:*H>T 

4 0 *tttteRJ|^*£K-r*ttSH&«\ * (l 
3) T-^to 

Z = H ( f 1 , f 2 , -, f m ) (13) 

Z>0i4$£1i, Z^OiifeM (ttAflW) io 
CW«««a5!C(i, «tt«<0*5£sC (2) k 

J& J T-I*e tt*4H*Hft«0«fcLT, R?MSDkji5e 
*YSrfflv»T* (1 4) O J: $i:**>i-<t> 
Z = D-Y (14) 

—Ik^ — J'sYfe (First-Oder Second- M>nent j£) 

/S = E [Z]/az 

* z=/v777zi 



#B3¥ 1 0 - 2 0 7 9 2 6 

16 

h (Aivanced first -Oder Second- Mmtnt S) (APCE 

J6Ja*¥0±»«r***^it«:. Tti<D (i) , 
( i i ) 

[0 0 5 5] ( i ) -*i£1IJC** - > > h S (PCSM 
£) 

Z^-> > Y&(D— OX- J > h 
it (FCBNte) <ommffls%,3li, (15) Ci")** 

fi£E [Z] *<««1l£fft **y-fl,fc iTHfr'S (Z 

fl£<r* 14. * (1 6) T-^t4Ti:»«iVar [Z] » 
¥*fttLT*AC,il4 0 tfi&Var [Z] 14, « 

SRWIbRiJWiJK-CiftfcA, * (9) WiS&ilSj&fc 
(17) i:i")ffi*i;*ft4ct#t-i 

-So 

[0 0 5 6] 
[ft8] 

(IS 
99 



Var[ZJ=X I (<?H/5f j)7(dH/5f j)? 07) 
Pij /Va r [f | ] ^Va r [f ] ] 



[0 0 5 7] tztz LPCBKfeOffilBttiSW ,914, ttSHffc > b & (^PCBM &) i** 4 . gOftftttftlft /? * 

***awtcni;rts-c6, ftAiE^ii««& Mi^ * (i 8) T-^tWbstt^ScSScYi osmiicfi 

otLiit^i $»1ioW!0<oKSfc <>o-tv>*o v>T, JE£>f>5S; (1 9) <AR!Mfc$.ftffi±oh (Y) 
S^u, «t^.raSci4^ffK-*4it* J #<> 30 = 0ST-e>S&!&a£k U-caH^^So 

fePOBNfe^iitfatto^ft^rio mmr^tz z>$m. m\$. {y, * > t^ixii*o 9 

[0 0 5 8] ( i i ) £S-*iSftlZ**-;< > hft U'SftYt 14, =0, = 1 k 

(afgsm j£) fc* i 3 i:H«ft $tifci> ot*i„ ,«n ifffi 

Yi = ( f i -, u n ) on ( i = 1 , 2, -m) ( 1 8) 
Z = H (f i , i 2 , -, f m ) 
= h (Yi , Y: , -, Y. ) (19) 

tt!BH»*niM»»ft»*«>/J* tYi * 14, * (2 0) :;t, **££M. , f> , f .muffiiaiiiv* 

w*if>o)tttaatHit«:± i)Wi:**4:t«l [0 0 5 9] 

4= roBWWTNi, COtt-»USQPft|ttf+*c [»9] 

J (Yi 2 +Yj*+-+Y B a ) -ft #h ffi=/3* 

(20) 

h (Yi. Y 2 . -. Y m ) =0 



[0060] mmm^w-mi.un icit+*ia*-.#.ojk *f>ii4. isit^t^tfi * (4, y, * tst d s) 

? (4, ^<05^ (2 l) icioT* i:± >)5cW$ftUjfi*JftLJt<>o-c*4, 

yxi = f i * / un ( i = 1 , 2. -m) (2 1) 



(10) 



0-207926 



17 



18 



ffl*i$o±#£#tf>4;)7jio4>t\ ttv»±#*n»tn* 

5* (2 2) £fflt'4 0 

Pr <<r, : / (»z 2 +E [Z] 2 ) (2 2) 
fc«U Cfl)*liBHrHftZ***41IT*4 d t 

*) T-4>4ZS0(i, «HHJt»S:^Lrv»4fc*C<0» 
£OfiHS?t¥<i 1 T'&4 0 

[0 0 6 1 ] [I» 1 ] (JJWrtfft : etMt*HM K 
^ w<) 

■c*4iJiMEffla*i: «t o XfihtlZ i> <T>Xh 4 0 CO 
f!*£;fi4 0 

[0 0 6 2] 514, d<OfittK(*«it»*fKJ:*»«E 

SB«l*i^ «- ¥-«R«U*tt Kttt 4 5e*6S ft J£*g 
^r*«>4dhi:J: »a^»IMtOftj6Jcf«ffl-r*d 

a«btLTv>f- 0 L*L, f&W&&Tlid;|te>*<b 
I ft ^o^SUK'C&o/;,, 

[ 0 0 6 3J dOPp1SS-»*i-4^*U, S&U£lt4 
T- I 4 #141lOJ5ja*}i^MT-* 4 c 



20 



30 



h (i d o i -j ft gMicfcx. b *i 4 moras. 

o&v>&ftfiSt£ft£ti;frft*it$1-4, dwnftwc 

[oo6 4] ^nmw~mi>mmmifAm^m<o^ 

Soanirll3 U*1"o BIM^M K;«»<i::ii, & 

EatM&-c * 4 o d opgac & it 4 ms. - o * ?*> 

aafcEUUSH-. 04*Oi&J|XX*A-¥-, 
ttttT**„ dOS&fljT-ti, ttttMftaft^ftKJ: 

[0 0 6 5] (I) fifSSff/n-t^Sl 

BtLTWt, BffWIA, B, #ftRHiLT*ftI& 
fcS0l«it«»Hff>t|-5RH*tt£l,fc. N£ft| 
Oft$!± 400nm- Lfc. H)fi!)Eift3UK 

* 5 «5t ft *8ltt * £*$tt O Sffc I: ft 9 flfft ft 
OgHfc i #«Btt *> O t #x , ft* 3 

»IEH«rft2i:^to ditt,07Ki*1Hi, *HWtttl~C 
1$fflSti4kOOi5<§01tt Lfc, diitoaS* 4 *), 

nx*ii")f*itxf-7rs 1 o-e«v»4ix»i, 4* 

i«* 5 ttM-SBOff *f itHTttft L 32 Sr jM* 3 , L fc. 
[0 0 6 6] 

[*2! 







7K£2 


7*3*3 


?K9M 


»WEfjfly (MP a) 


2 9 4 


3 4 3 


3 9 2 


4 A 1 


A0X»tfWH (MP a) 


4 9 0 


9 8 0 


14 7 0 


I960 


?SS t (mm) 


1. 4 


1. 6 


1. 8 


2.0 


ffii®l§A (iw.) 


5 0 


5 2. 5 


5 5 


5 7. 5 


IfirSIB (tun,) 


5 0 


5 2.5 


5 5 


5 7. 5 



[ 0 0 6 7] U5!±tJItSS<T> , H, t , A, B£B£ 
fil£iI2gL320-iB£7Fl-Ci>4 < , ISti:J:ot 

7 7-s 2 oufc^-rmjtsff i»bbb*- Kswffci 

[0 0 6 8] *I^Egj2^®f®a#Cii(t4a^|6jOE« 
jS*(i*tft.ttt 4 o'i>5fcft, l!?fif*f>KiH 6 OS 



1.^-0 ftfllff*f4 : Og*^-i'X^ft^,'<<Ji)-i-vii:i- 
4^*i:*J^|fi]Oij-#J(4 > tEIS50nmt52. 5rarfOJ*^?r 

fc, lfi^ffi]OS-S!lr^g?tif^ft8 O^S-t U 

gft4/;*^ B.«ai701-1863, g^?il600-1760i:ft 



(11) 



flf H¥ 1 0 - 2 0 7 9 2 6 



19 



20 



[0 0 6 9] if. Sfi^Iit- KflWrUOH-C*"* 

aft £ HSH" * ft t: li tt«?:s * mi * f in: 4 x, , 
WWEitJIWrfcff-Jie-S****. *H*fce!)<DS?WT-i4. » 

IS^^^MaSlv^Co 5£**7Ji4®*i?f*3 
[0 0 7 0] flfflr^fJUi, ^B^f^C^LTW 
SB±0@S.ir.lCx, y, zH^iaUJtttt*. ±Jg®±<7> 
#iB±t y- ztt»iB±»=tt»tt*fEto-«*J|[*ft*4 

tz 3 2 ffl<OffiSjSJ^¥^*-iSftl4. 100. 16ranT-*o 

[0071] tt»EaHMffcov»-cfc'**. fioBH 
**3Effi*ii&«£o 1 / 1 0 k Ltzo 



[0 0 7 2 ] ? 4 -fit, Bel yt schko- Vtfng-Chi angv 
x)UR*tffli»fc. «5Mfettli, ±TffliB±WS6.*.lc 
x . y «#|6jSffiftJtU x - z *t#.ffl± iy-z ttftffi 

Lfc. ^f^ftO^fiU^gSsOkn/h 
*4x.> T»«6i:ttit^Wfl:BU«55S*fc. «84&tt 
(4, tf JWilHfcg, tf'jugllio^tflL^o 
[0 0 7 3] MCi Ofrfciifc 1/4 *f *©SHBH 

omit}, ww*6*4*.fc«5}'a' u * 

tffrfrio ifc, «JRi*^4 r — &ttlfetil0tfl*l8l9 

f-JNo. (frN>) i'f Ltv>Jo 
[0 0 7 4 ] ^ftM^f'^S 3 0i:*5V»TI4, flE 

gfij*W-<M K> >^"C0"SlXx^;i.^-!ff 
14(4, «*«^ttt:l»LTMifFffliaBtr**o *o 
fcftBMtORtt-SH^flXx^jw^-fiFttii^iaUff 

W£ttZ-tX-hh a Z.<n%1jm<r>miX\U %H 200nm 

10 **3 tc^i-o S^^Fycrcwlo 1 , 2, 314-5-ft 

-r^ftHHO-^. 5«&t/TL, F RATIO 

W**!4. 1 %Wfe^T-**.M/d s *.i.- t^^LTv> 

[0 0 7 5] 
1*3] 



FACTOR 




SUM OF DEGREE OF 






EFFECTIVE 




SQUARE FREEDOM 


VARIANCE 


F RATIO 


RATION) 


H 


1 


4. 25735E+09 


1 


4. 25735E+09 


33.186** 


2. 79 




2 


1.00467E+08 


0 


1.O0467E+O8 


0.000 


0. 00 




3 


5.48866E+06 


0 


5.4B86BE+06 


0.000 


0. 00 


t 


1 


1.09676E+11 


1 


1.0967^+11 


854. 932** 


74.04 




2 


3.34830E408 


1 


3.34830EK>8 


2.610 


0.14 




3 


8. 69674E+06 


0 


8.69674E406 


0. 000 


0. 00 


A 


1 


1.65220E+08 


1 


1.65220E+08 


1.288 


0.02 




2 


7. 59463E+05 


0 


7.59463E405 


0. 000 


0.00 


B 


3 


6. 22298E+07 


0 


6. 2229^+07 


0. 000 


0.00 


1 


1.49480E+08 


1 


1.49480EKI8 


1.165 


0. 01 




2 


1.28895E+08 


0 


1. 2869K+08 


0. 000 


0.00 




3 


1.68218E+08 


1 


1.68218E+08 


1.311 


0. 03 


oy 


1 


3. 00824E+10 


1 


3. 00824E+10 


234. 494** 


20.24 




2 


8. 78674E+06 


0 


8. 78674E+08 


0. 000 


0. 00 


ERROR 


3 


1. 77357E+08 


1 


1.77357E408 


1.383 


0.03 


1 


2. 95059E+O9 


23 


1.28287E408 


2. 70 


TOTAL 




1.47962E411 


31 






100. 00 



[0 0 7 6] fl-tts-ffKiiK a twesfi 



(12) 



1 0 - 2 0 7 9 2 6 



21 



22 



til 



t0 0 7 7 ] *ft»«rUioT**a*0 tfliSftfc 

UJiv»T, SUtWit^O^ (2) £fflv>t\ «Rx 

^I^'-Ern^}!^ (2 3) iimitzo Z<r)tt(D 

E B i =2849. 0 +5. 484Uy-387.5)+0. 2063 (H-1225) 

+2565.8 <tH.7)±78. 084 (N-m) 



[0 0 7 8 ] 
[Sicl 0) 



(23) 



[0 0 7 9] JtSe* (2 3) <7>fllJi«iE*W!g*i£ 
(FEM) i:i^<!U<oit©i:J: Offo^o fi?#r<i, « 
If «-*i*lEHrtT-^fc$^. ftt>Ot£ftgB££-C*i£2 

-fo dl 0i:iv>t, ^t5S^P4<7)S^^(i2. 7 

[0 0 8 0] *t*WSU-^>Tft^*o ga*^* 

SHI OF DEGREE OF 
FACTOR SQUARE FREEDOM 



*) £«4 C^-fo 
[0 0 8 1 ] 
[«4] 



H 



VARIANCE F RATIO 



t. 33225E+04 
4. 50000E+02 
1. 44Q00E+O3 
2.75062E+07 
4.05000E+03 
4. 84000E+03 
1. 10224E+06 
6. 61250E+03 
8. 10000E+02 
7. 15562E+05 
6. 12500E+02 



3 6. 26000E+01 

ay 1 2.84260E+A7 

2 4.O5000E+O3 

3 1.10250E+03 
ERROR 1 5.97927E405 



1 
0 
0 
1 
1 
1 
1 
1 
0 
1 
0 
0 

1 
1 

0 

22 



1. 33225E+04 
4.50000E+O2 
1.44000E+O3 



EFFECTIVE 
RATIO(X) 



0.430 
0.000 
0.000 



2.75062E+07 1012.057** 



4. 05000E+03 
4.84000E+03 
1. 10224E+06 
6. 61250E+03 
8. 10000E+02 
7. 15562E+05 
6. 12500E+02 
6. 25000E+01 



0.149 
0.178 
40.558** 
0.243 
0.000 
26.328** 
0.000 
0.000 



2.84260E+07 1045.898** 



4. 05000E+03 
1. 10250E+03 
2. 71785E404 



0.149 
0.000 



TOTAL 5.83808E+07 31 

[0 0 8 2 ] 5H*5Hri:i >)a*£>') 

$ ififa OBI tS B i: itt* L X ft i Ml Z * L X v >4 . 
[ 0 0 8 3 ] *Mft£*f i: I •} **** ') tfllSSnfcB 



0.00 
0.00 
0.00 

47. 07 
0.00 
0.00 
1.84 
0.00 
0.00 
1.18 
0.00 
0.00 

46.64 
0. 00 
0.00 
1.30 



Emaw> =69585+168. 6( <ry-367. 5)+40633( t -1. 7) 
+650. 7( A-53. 75)+524. 3( B -53. 75)±1267. 1 



100.00 

30 tWHfc*8.*fl-*fflv», «j£0«5c*Oft* (2) * 
fcfcCLT, t^lttXT^S 3 1 \Z&\.*XiWl 
tzm.±mS.EM» Oitt^t, ?C (2 4) lc^1" 0 3t4> 
0<j>- , t, A, Bli«m*B-C**« 
[0 0 8 4] 
[ft 1 1 ] 



(N) 



(24) 



[0 0 8 5] ttfea* (2 4) offiKteEfc, *PlH»ii 
ICfc;&»fceoJti2i:J: Dffofc. JB*rli, 

fro£ 0 -OitKrHl 1 H^-fo 1 t:fcu 

t, Xtt&ttMOft^MBli l . 1 %X'h i) . «5e* 

[0 0 8 6] (I I) ftiSlt&StT'n-fc^S 4 

( a ) Kits b : &m-i) a > , tmi«ft«aH . sw t 

(b) Bfi«qa:ttiBtm3*b-** 

37. h =0. 003141 (A + B) (ay /4.9-tfO) R 

(c ) mmm : loomd-.mzmii-* 

Een k3626N • m 



MA, B, RWoiJif, HEftfcLfcttffltttta* h«> 
»^ (2 5) *Hv»fc. 
[0 0 8 7] 



KM A. «*SB 



(2 5) 



(13) 



If B8¥ 10- 2 0 7 9 2 6 



23 



24 



«*MEmw £73500 N 
(d) IBffilWftlKW-RH^ilSeHSrfefttLfc 
294MPa£*y £ 44)MPa 
490MP&£H£1960MPa 
1.4im£ t £2. Onm 
50nm £ A &&lf 

ft, ttttM0H**5fc«6U5*1-. 
[*5] 





o y 


H 


t 


A and B 




441MPa 


1960MPa 


2.0n 


5 7. 5 mi 




S41MPa 


1960MPa 


2. Oim 


5 0. 0 mi 



(0 0 8 8) 
[*6J 













wm 


108.3Yen 


4173. 5N «m 


98578N 


mm 


81.4Yen 


3626 N-m 


72932N 



[0 0 8 9] [*JfeflJ 2 ] (JMrtt* 



HI 2<07n-ft- Kc^-fioC, (f6o#£#g: 
[0 0 9 0] (I) fg»*«H»rrn-fe^S 1 



SUM OF 
FACTOR SQUARE 



DEGREE OF 
FREEDOM 



BS 57.5mn 

WtL, at3E*«f?#lt^Tv^S 1 0U*lt4«* 
i:»aOL2 7tlKt. C«tD«rtZ««jt 

tT«sft*fc*, c»iDi«>wosattfli , *ft 

£V£l.2mn, 1.4um, 1.6nm, Pt{*J&2j £ J96 MPS, 
245MP3. 294 MPat Lfc„ 

[0 0 9 1 ] Mfi^f-;yS 2 0 Ci3V>Tftt>ni 
MMMfflci*. liff£iflja*RSXt£v7 F^xt(LS- 

%jitBz.Ztz#>iZj8cfcltz 0 AA*fF(i, **300m/'se 

[0 0 9 2 ] &f»ff^f7ys 3 OUfc^T, frffctf 

*©F/CTCRJltf>l,2 ii, SltSB^-^iJiy-'Z:^*^ 
£jpU FRAnOO**t*(i, -?-<Al£#75 f &* l%t 

i), tc x to w^H^fflii#ift3l*^v>ct*«55-*' 

30 [0 0 9 3] 
[£7] 



EFFECTIVE 
VARIANCE F RATIO RATIO(S) 



OA 


1 


7. 46113E+02 


1 


7. 46113E+02 


89. 006** 


6. 94 


2 


U1770E402 


1 


1.01770E+02 


12. 140** 


0.88 


OB 


1 


4. 47710E+01 


1 


4. 47710E+01 


5.341* 


0.34 


2 


9, 56765E+00 


0 


9. 56765E+00 


0.000 


0.00 


*C 


1 


4.27279E+03 


1 


4.27279E+Q3 


509.712** 


40.14 




2 


1. 48819E+02 


1 


1.48B19E+02 


17. 753** 


1.32 


*D 


1 


1. 44629E+03 


1 


1.44629E+03 


172.531** 


13.54 


2 


3. 28567E+01 


1 


3. 285675+01 


3.920 


0.23 


t A 


1 


3.49750E+02 


1 


3. 49750E+02 


41.723** 


3. 21 




2 


2.32421E+00 


0 


2. 32421E+00 


0.000 


0.00 


tfi 


1 


1.51583E+02 


1 


1.51583E+02 


18.083** 


1.35 


2 


3.28609E+00 


0 


3. 28609E+00 


0.000 


0. 00 


tc 


1 


2.30287E+03 


1 


2.30287E403 


274.716** 


21.60 




2 


9.40078E+01 


1 


9.40078E+01 


11.214** 


0.81 


to 


1 


8, 13900E4O2 


1 
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